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The gatialc oher e nce of ughti 血enc cdbyte mpcr aturc anda er o s ol is mBa S u red･ An
血 1 0 SPheric turbulc n c cchamber is u s ed h 甲Pe 血 e nts･ T bc spadal cQhere n c8 0f light
degradcs within c r e a se of turbulence h a c c o rda n c6 with the rise oftempcz3tu t B a nd 伽
in a c ase ofaer o sol. h the e xperim e ntfo r w a v c18ngthdqpende n cy, 伽 dcgradatio nisl那ger
fo r a shorter w a v eil ng叫. The 甲 血 entalr8 Sults arein go od ageem ent with dleO托dcal
rcstllts ctlrr e ntlyavai1ablc･
I N T R O D tJC T IO N
nc.re s olving po w e r of an . astr Q n Qmi
cal
telcs cqpeislimited byatm osphericturbulen ce,
which c o rrupts propaga血g op也cal w ave
fr o nts. h rem ote scn shg, the infoⅡ n atio n
detedcd by a s atellite needs corr e cdo n of
effects by atm o spheric tu rbulencc･ h
pa rtic ular, 血¢･decr 6 aS e Of c ohcreTIC Cdegr e es
in the data obt血 ed by a mic m w ave coher e nt
sen s o r m akes hte rfer c nc ew o rse, aJld c an s?s
toless e ntheiDfo 皿 adonqu a ndty･
Se veralsttldic shav ebeen m ade by flo
(197 0), 山tomiTSki(1971), Yu ra (1972),
Ro n ald (19 74), a nd Andr - s(1994) o n
tu rbtLlenc e. The re a a 也 eo reticalpaper s
dis c u s血g the degr adatio n of c oheren ce
dcgr ces by ttlrbule n c el btlt V eryfew papBTS
ha v ebe en ptlblishcd o n e xperim e ntalres ults･
h this paper w eha ve designed a nd bunt a
si叩1e atm o spheric tu rbtlen ∝ cha mber and
m c asIJIed spadalc ohe ren ce degre es oflight
inAtlen Ced byturbulenc e
ノin a ∝ o rda n c with
differ e nt tem per atures a ndaer o s olqtlantitiesI
A T MOS P ⅡE R I C T tJ RB JI,E N C E
CELAMBE R
we ha v edc signcd and bunt a 盛mple
a血 o spheric turbule n ce cha mber. The
chamber and its opdcalsystem is sho wn h
ph hole
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Fig 耶 1. A s 血1atora atm ospheric tubtle n cewith
optic aJ野Ste m QfJntdtiple mi)c ctio A
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Figtlre2･ A m ge w hdv e)o citywithin thetd)tllence
血a血beris sho w TL aS a血ncdoII Qf d)edistan c eX.
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FigtF e1. The siz e of the cha mberis 240c m
X 75 c m X 30 Qn . The ught is
m 山tis c 3ttering betw e e nthe mirrors set.
o n
bothsideshthe chamber . T he wholel 血gth
of die m tlltis c attedngpath is abo ut 40m .
Fo lrblo w er s a zcsetto m ake tu rbule nce. Ⅱot
wind is s e ntbyfourt)lo w ersin the dla mberto
m aketu rbulen c e. Ste el andstyr c nc 丘Itc rs ar e
s et to obtain u nifo m airinthe dl ambeL
Tbe las e r上ght a丘e rpas血 gthr o ughthe
cha mber passes thr ougha pinl1 01e and the n
thr o ughdo uble slits, 瓜 u血g 血 血 cc
fringes･ T he} ∝血e re n c ebythe do uble slits
w a s r cpo rtcd by･Sa x8n a (1994), Tbis
inte rfer e n c efdngc s a nd the step tablet am
photogr aphedo n afilmat the s al netim e.･The
visibility of 血e hterferen ce 出 nge o nthe
五lm is m e a s u red by a micTOden sito meter.
T he relationshipbetwe e nthe visibility V and
thei C Qhe r m cey ofthcizLterferen c e出 nge s is
sho w ninth8 fo11owingequ atioTl:
v = ム 血
2 ∫ ∫
Z
m .I
＋ Z血 Il＋ I2
1
2
y12I,
whB r C IⅡ 耶 皿d Lnin am n a由m um and
血 m v alue s of the ef6ecdve eiXpO Sure,
respccdv ely, which is the tin e whell the
interfc m c c血 g餌 虹e eXPO S Cd･ Il､血dI2 a re
izltenSitiesQf thelaser, butin也is 甲Perim cd ,
Il = Ⅰ2 = Ⅰ ･ H 打 e the visl1)ility V of the
hte rfc re ncc 出nge s r cpre seⅡts the degre e of
c oheren ce y12 = Y and it depends on 血e
degre eofbrbdcn ce .
Tb kno wth亡 dhar a ctcristics ofthe dla mber,
the velo city of dlC Wind a ndits tempe ratu re
disbibution h the chamber w e r e meas ur ed.
T he r e 馳1ts are sho wn h Figur e s2, 3 a nd4.
Figure 2 is the distribution of the wind
v elo city･ Measurem ents w e r亡 taken along 血e
丘owing direcdon of the wind. As dle Win d
velo city dec re a ses o nly slightly to w a rd die
e nd,itc a nbe regardeda sunifo r m. Figu re3is
the wind v elo city distdbutio n in a v ertical
direcdo n h the cha nbeL Figure 4 is 血e
tenpe rahr e distribution, which is IT10re
unifo 皿 S O O nCrthanthatofwind v elocity･
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Fig町 e 3･ AF eTaBe Windv elQ Cily within thetd)dcn ce
is sho w ■as afu n ctio n Qftheheight Y with respect to
distan ceZ = 0.6 n .
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円gure 4･ Ay e nge air te 皿Pe7Z[ILlr e wi1hin the
td)dence dla nberjs sho w n as a血 ction of the
di血 ce X.
I E XP E R I M E N T S
T he 也eor eticalaJl alys cs ofthe degr adatio n
ofspa血1 coherence ofught by ぬe 山rb11Lc n ce
of atm o sphcr c w ere reported by Andre w
(19 94), and Ho (1970)･ The theo retical
res ults repr csentcd by Ho sho wthe dec re ase
of die C Oheren c cdegree with increa se Ofthe
turbule n c e. And 血e coherence degree
dec zc a sc swithdec rease ofthe w a v el ngぬ of
thelight. Tbverifythes eth60 reticalres ults,
w c have m ade e xperim cnts･ Fir st w e
n casured the ch ange of the spatialcohcr etlC e
by the opdcal path of Ar
-las e r. Thc
m e as u rem ent res ult arei Sho w Jl h 円gu rc5,
n e spatidc oheren cedcgr ad6S aSthe optical
pathislongcr･ つme 甲p6 血 ent ofturbtl enc c
w as m ade whe nthe op丘c alpa血is 3318 2m ･
Se c ondly the spatial c ohe re n c eby the
te mpq atu rc cha nge w as m cas ured･ The
chBLr a Ct由stic s of turbulen ∝ whe n
.
the
te mperahrcinthedla mbcris 血a 呼 d丘om 2革
o
cto50
o
C are sho wninFigure s6･ When
也さ t∝ nPer attZrehthe Cha mber rises, thatis,
dlC
'
tu rbul孤 C ¢ hcr e a se l the spadal
c oherc n c cd呼 ades･ This re stlts ar ein v ery
goodagr m cEtwith th6theoledc alres ults･
NeEXt the w avele ngth dependen cy ofthe
申a由1c ohc 和 1Ce by ttJbulc n c cis mea sured,
llSing w avcIcngths of 632･8 ⅠⅡn of E[c
-
Nc las er a nd 480Ⅱm of Ar lascL TtLC
n E W ehc nt results a re sho wn h Figu re
7. Wi血 a sho rter wavcle ngth thc cohere n c e
degrc cde cre ase s fa stcr 仙弧 with alonger
OZl e.
Fimlly the 甲PCdm ct)s on spa也al
coher m ce of lidhtinfhen c edbythe quantib'
of aeir O SOI w ere m ade. We u s ed cigarette
s m oke a San G 駐江nPle ofaeros ol. The re a re20
mgofpardclesin apie ce of dgarette and 血血
siz e s arei 0.1 - 0.21Am(Sm al()a nd about 1
Fl 功 (large), and the average padicle si2:e is
0.5l⊥m . Tbc qu an也y of the s moke in a
pleCe Of cigarette is abo ut 500mg･ ¶1e
m e ast m eJItr e s ults are h Figur e8, which
sho w sthat whc n the qu adity of aero s ol
in c rea ses,the spatialcoherenc edec reas e s.
n e degradation ofc ohe ren cebydie Ch皿ge
of tempc ratu re 皿d qu a ntity of aer o s ol is
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Figure5･ Dqgze ed cob - ceby chaJIBe Ofqptica]
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Figt m 6･ 籾 Qfc Qhα ence of dleユighthth enc ed
by btb d印 Ce Ofte mperattF e.
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estim ated from Figures6a nd 8･ From Figure
6 thcdegr e c ofcoher c n e eis 0.011/1
o
C at
35
o
C . h the c ase ofaer o s ol itis 0.007/1
mg 丘o m Figur e8. Als othe depe nden cy of
c oheren ce degT C e O ntheleng也 ofopticalpath
is abolユt0.010/1 m . T he degradatio n ofthe
spatial c ohe renc e by turbule n c 6 Show s a
simila rtendencytothatbythelc ngtl Ofopdc al
pa血 of alaser. T he effe cts o nthe c ohere nc e
degr c cby a er o s ol a re s mal1er tha ntho se by
temper ature.
C O N C L tJSI O N S
T he e xperim ents Of degradatio n of
■spa血I
c Qhcr ence of lightinfluenced by turbulen c e
w e re m ade. T he fa ctors oftemperatu re a nd
aer osola托 C DnSider ed a s a c aus e ofin c re as lng
ttlrb ule n c6.
'
wc uscd the sm oke of cigarette s
as an 岱 町ple of a ero s ol, Fr o m the
c Eperin cTItal r c sults, Whe n the turbule n ce
hcr ea s es, thatis whe n the tt:p peratur e ris eiS
a nd the acro s Dl inc r e a s e s, the spatial
cohc r e n c cof user w as rec ogniz edto degr ade･
Tbsc res ults a mh v erygood agre em c ntwi th
the theoretical r es ults. h the c xpcrim ents■to
kno wthedegr ad申皿 Ofspati alc oh6 re nC eby
diffGrGZIt W av elengths, the sholte r
w a velen紳 Ias er sho w large r degrada也o n･
T出s r es ultalso veli丘esthe th60 揮dcal
.
r esults.
b r e n ot6 S C n血g, thegc n6ralsdd馳 us6S
D 8h ml kght, while therea m s atellites which
havc micr ow avc sen so rs on bo ard._ Tbc
adydcal aata 丘o m s u ch s atellite s r epresent
the hterfcr e n c e出ngc s ofthe carth
'
s s u rfa c e
inAu e n c cd by e a rthquakes. Thesefdnges a 托
c mted
■
by the hterfere ncy of mic ro w atc s.
As miG m W a V e S e n s or s a reaf6ected by
tu rbule n c eby atm o sphcr c, , the
■
c oher en c e
d 餌 eiaSe is apmblem . As the w a vclc ngths of
micr o w a v e a relo ngertha ntho se ofla s e r, the
曲 et of c ohe r m ce of micr D W a Ve W m bc
sm aueirtha nthat ofthela s e ェ
R EFE R E N C E S
AndreiW S, L･ C.(1994),Spadalc oher enc e of a
Ga u s sia n-be a m wave h w e ak and str o ng
op丘cal turbulen ce, J･ (わL So c･ A m ･ A,
ll,1653-1660.
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FigttFe7. 叫 nde nq Qf deBn 血tioT1 0E cdheren ce
dege e OZI W & VdenB也 孤dbFb den 促. I
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Figtlr e8･ b gee ofc oheren ce of aleliBht 姐 1)en Ced
by bzb den c e ofaeros ol.
